Total laryngectomy is the en bloc removal of the laryngeal structures including the epiglottis, hyoid, and a variable amount of upper trachea. The resultant defect requires creation of a permanent tracheostomy (tracheostome) and repair of the pharynx. It is usually performed for advanced cancer of the larynx either as a primary treatment or for surgical salvage following failure of laryngeal preservation treatments (radiotherapy or concurrent chemoradiotherapy). Laryngectomy can also involve concomitant neck dissections, and in some cases pharyngeal reconstruction requires reconstruction with pedicled flaps or free tissue transfer.
Undergoing laryngectomy is a life-changing procedure. The patient must learn a new method of communicating, they become a neck breather, and undoubtedly, it alters their body image perception. Before surgery, all patients are given the opportunity to meet another patient who has undergone the procedure to increase their understanding of the changes in appearance and communication they will experience. Patients can be in hospital for up to 2 weeks following laryngectomy, and this period can be a difficult time, with feelings of depression and isolation. Each patient should have access to a clinical nurse specialist in head and neck cancer, who can provide valuable support at each stage of the patient journey.
Laryngeal cancer
Laryngectomy is an effective cancer procedure and is associated with good functional outcomes. 1 The current UK standard of care for locally advanced malignancy is aimed at organ preservation. This is for patients with T3 tumours on the tumournodes-metastases (TNM) scale. For patients with T4 disease invading the laryngeal cartilages, total laryngectomy is recommended. Although laryngeal preservation may seem preferable, these cases require careful discussion at a regional head and neck cancer multidisciplinary team meeting, as evidence is emerging that patients who undergo primary surgery have improved survival rates. 2 Long-term complications of oncological treatments may ultimately result in a 'frozen larynx' (Fig. 1) , where the patient requires a tracheostomy and gastrostomy, or even ultimately a laryngectomy to prevent aspiration. 3 Laryngeal cancer accounts for less than 1% of all new UK cancer diagnoses. There are around 2300 new cases per year
Key points
• Laryngectomy is performed in specialist centres and requires a team approach to airway management.
• Laryngeal cancer patients frequently have cardiac and respiratory co-morbidities with limited scope to optimize. Anaemia, malnutrition, and alcohol dependency are modifiable preoperative risk factors.
• Acute presentations with stridor require a collaborative approach to the airway that only rarely involves awake fibre-optic intubation.
• Post laryngectomy patients can present for other types of surgery and a clear plan must be made for the management of such patients. 3 The male:female ratio for rates of laryngeal cancer is 4:1. Smoking and alcohol consumption are risk factors. Consequently, patients presenting with laryngeal cancer are often older with multiple co-morbidities. National guidelines recommend that laryngectomy is performed in specialist centres, as complication rates are lower in departments that perform this procedure frequently. 4 There are currently 33 networks throughout the UK for the management of head and neck cancers. The anaesthetist can be involved with these patients at any stage of the disease, both in the elective and emergency setting. The most challenging aspect can be intubation of the post-radiotherapy patient. It is therefore important to understand the disease process and the management of these cancers in order to formulate an appropriate anaesthetic management plan. The overwhelming message when managing these patients is that there must be open lines of communication with the surgeon and wider team.
Surgical techniques
Intubation of the patient can be challenging for laryngectomy. There has been a move in practice away from performing preoperative tracheostomy, because this procedure is associated with poorer wound healing, particularly in patients who have undergone radiotherapy. There is also a higher rate of tracheostomal cancer recurrence following pre-laryngectomy tracheostomy.
The choice of tracheal tube depends on the bulk of the tumour, but generally a small reinforced tube is acceptable. When the trachea is resected from the larynx, the tracheostome is formed on to the skin. At this point, the tracheal tube is withdrawn, and a laryngectomy anaesthetic tube (e.g. a laryngectomy, 'J' tube, or Montandon tube) is used for the remainder of the procedure. This can be sutured on to the chest wall for security. At the end of surgery, it is a common practice to insert a cuffed tracheostomy tube for the first 24 h. This is not surgically necessary but can help with suctioning and prevention of aspiration of blood after operation. Neck dissection is frequently performed at the same time as total laryngectomy. This procedure was introduced in 1906 as a radical en bloc resection of all of the nodal tissue of the neck including the sternocleidomastoid muscle, the internal jugular vein, and the spinal accessory nerve. Today the most common form of neck dissections performed are modifications of the radical neck dissection preserving one or more of the non-lymphatic structures or selective neck dissections. Selective neck dissection aims to remove a portion of nodes most at risk for metastases for any cancer site in the head and neck. For laryngeal cancer, the most commonly removed surgical lymph nodes are those related to the jugular vein (surgical levels 2-4). Other nodal stations are level 1 (submental nodes), level 5 (posterior neck nodes), and levels 6 and 7 (these stations are also known as central compartment nodes and involve nodal tissue medial to the carotid artery below the level of the hyoid down to the superior mediastinum).
Complications of neck dissection include bleeding. If the internal jugular vein is ligated there is a resultant increase in intracranial pressure, and this is inevitably higher if both veins are ligated. Nerve palsies are associated with neck dissection and may affect the marginal mandibular branch of the facial nerve (resulting in lower-lip weakness), the hypoglossal nerve (causing loss of movement of the ipsilateral tongue), or the accessory nerve (resulting in stiffening and weakness of shoulder movements). Any loss of accessory nerve function, whether sacrificed or iatrogenically damaged, is managed by early and regular physiotherapy. The phrenic nerve is also at risk, leading to paralysis of the hemidiaphragm. During selective neck dissection, the cervical plexus can be spared leading to less hypoaesthesia of the wound than anticipated. Injury to the thoracic duct may result in a leakage of chyle; this is recognized by the presence of a milky fluid in the surgical drains. Initially, it is managed conservatively, with input from the nutrition team and a low-or no-fat diet that decreases production. High-volume chyle fistula requires total parenteral nutrition and surgical intervention.
Clinical presentation
Red flag presentation symptoms for head and neck cancer include persistent hoarseness, which is the most common presentation, with other symptoms and signs being dysphagia, odynophagia, otalgia, cervical adenopathy, or haemoptysis. It is uncommon, but the first presentation may simply be acute stridor. Patients may present with stridor pretreatment because of tumour bulk or fixation of the larynx or post-treatment as a result of swelling following radiotherapy.
Anaesthesia for patients with laryngeal cancer
The anaesthetic technique depends on the nature of the surgery, ranging from panendoscopy and laryngeal biopsy to more extensive laryngectomy or emergency tracheostomy in acute airway obstruction.
Preoperative assessment
Standard preliminary investigations should be performed. In particular, iron deficiency anaemia should be treated. Preoperative anaemia is associated with poorer surgical outcomes and its optimization is an area with a growing body of evidence. While there is no specific literature pertaining to laryngectomy patients, the principles of iron replacement have been adopted by ENT UK in their recently published national guideline. 5 The intravenous route may be preferable, given the timescales involved, 6 and newer preparations have a much lower anaphylaxis rate than previously.
Cardiovascular disease
This is common, given the patient demographics, with ischaemic heart disease being a frequent co-morbidity in laryngectomy patients. Cardiology specialist opinion may be helpful in those with unstable angina, recent stenting, decompensated heart failure, or severe aortic stenosis. 7 Most patients require group and save of blood rather than full cross match, as it is rare to require transfusion perioperatively, although haemoglobin monitoring is routinely performed.
Respiratory disease
Laryngectomy patients are frequently heavy smokers with significant associated respiratory disease. When there is significant laryngeal narrowing, pulmonary function tests are often unreliable. Particularly high-risk surgical candidates are those with pulmonary hypertension and right heart disease. When these conditions are present, serious consideration should be given to whether these patients are surgical candidates.
Cardiopulmonary exercise testing
If cardiopulmonary exercise testing (CPET) testing is available, it may aid risk stratification. 7 Its usefulness has not yet been clearly demonstrated in head and neck cancers, and in those with a significant airway stenosis, CPET testing can precipitate airway obstruction and may be contraindicated. Dynamic assessment of the functional status of the patient can be measured simply by the estimation of metabolic equivalents of activity (METS), 8 with >4 METS being equivalent to climbing one flight of stairs. Failure to achieve that level of exertion is associated with increased risk.
Other considerations
Controlled alcohol withdrawal as an inpatient combined with a period of nasogastric (NG) feeding can be instituted a week or two before surgery in order to undergo a controlled detoxification and improve nutrition in patients judged to be at high risk of alcohol withdrawal. Percutaneous endoscopic gastrostomy feeding is rarely used, as the major aim of surgery is to rehabilitate swallowing as well as voice, and the temporary nature of postoperative NG or stomagastric feeding lends itself well to the short time periods involved. Postoperative management of alcohol withdrawal and administration of B vitamins should be considered. The vast majority of patients are smokers, so preoperative smoking cessation should be actively encouraged and nicotine replacement offered.
Knowing the risk
Patients and anaesthetists are increasingly interested in risk stratification. Laryngectomy is considered to be intermediate risk surgery, as it does not involve opening of a major body cavity. Scoring systems such as SORT 9 have been shown to be of use in predicting morbidity as has the POSSUM 10 score. Neither have been validated for use in laryngectomy, but can be a useful guide when quantifying risk, particularly in the wake of the Montgomery ruling, 11 where informing patients of the risks and complications likely to affect them is vital. Discussions about consent and our explanation of risk are topical and should, where possible, be tailored to the individual patients. Tools that aid our stratification of risk are helpful in shaping these discussions.
Optimization
Other than controlled alcohol withdrawal and NG feeding as described above, there is a limited time in which to perform more extensive prehabilitation or optimization other than for routine management of cardiovascular or respiratory disease. All patients with a head and neck cancer diagnosis in our institution have access to a specialist dietician and early referral is recommended in patients who have inadequate intake or who are losing weight.
Planning airway management
This is applicable for the elective patient and for those who may present in extremis with stridor. The surgical procedure undertaken in patients with laryngeal cancer ranges from panendoscopy and biopsy to laryngectomy and occasionally emergency tracheostomy.
Airway assessment
Assessment of the airway incorporates history and bedside examination, review of imaging and nasendocopy findings as well as discussion with the surgical team. History should focus on voice change, dysphagia, breathlessness, and stridor. It is useful to know whether the patient can lie flat and how they have been sleeping. Difficulty sleeping or waking up with breathlessness are ominous signs of airway obstruction. The patient's resting position, e.g. sitting bolt upright, is useful to note. The usual methods of airway assessment including mouth opening, tongue protrusion, mallampati scoring, thyromental distance, and neck movement should be recorded. Neck examination is essential; any previous radiotherapy, tracheal deviation, neck masses, and previous scars may indicate that intubation could be difficult. Any anticipated difficulty with front of neck access should be noted at this time.
Imaging
This includes nasendoscopy imaging (Fig. 2) , which can be performed jointly with the anaesthetist prior to intubation. This is particularly useful if the patient's symptoms have worsened or if the patient has been previously unknown to the operating team. Note any points of narrowing, rigidity, or fragility of tissues or the presence of tumour that may obscure the laryngoscopic view. Computerized tomography (CT) and magnetic resonance imaging are the mainstay of preoperative imaging. The axial images will show how narrow the airway is and the sagittal and coronal cuts can be used to estimate the length of any narrow segments. It is now possible to use CT images to make 3D reconstructions of the airway allowing a virtual 'runthrough' the airway, although this should not cause a delay in surgery.
Useful questions to ask before you start . . .
There is no single correct answer on how to manage these patients, as each case is different. In our institution, we have found that answering each of the questions below can help formulate an airway management plan. 
Managing the (emergency) stridulous patient
The intubation of these patients for their surgery is a significant challenge. The cancer may be large and obstructive, and anatomy may be further altered by previous radiotherapy. This situation is becoming more common as increasing numbers of patients undergo salvage surgery and preoperative tracheostomy is avoided. Tracheostomy may have to be performed before laryngectomy if it is not possible to intubate.
The role of high-flow nasal oxygen and transnasal humidified rapid-insufflation ventilator exchange
High-flow nasal oxygen (HFNO) has been brought to the forefront of airway management since the publication of the transnasal humidified rapid-insufflation ventilator exchange (THRIVE) 13 study, where it was described as a means to preoxygenate and provide apnoeic oxygenation until a definitive airway was achieved. Its use for the emergency airway is expanding as more people become familiar with its use. Its role in the elective patient is also interesting but beyond the scope of this article, but other uses include preoxygenation of the obese and/or septic patient, a means to facilitate extubation, and as a method of achieving tubeless anaesthesia in the shared airway.
Preinduction management
A useful acronym is CASH, which can be used as an aidemémoire for the pre-theatre management of stridor. These are temporizing measures that can buy valuable time in order to assess and prepare. CASH involves:
Continuous positive airways pressure (CPAP), which can be provided with HFNO Adrenaline (epinephrine)
No matter what method of intubation is planned, these patients should be anaesthetized in theatre, on the theatre trolley, with the (consultant) surgeon present. A surgical brief should be performed and Plans A, B, C, and D discussed and written on a white board so all members of the team are prepared. General anaesthesia has evolved over the years; gas induction had been the conventional approach for some time. Now, attitudes have changed, and gas induction is less commonly performed for difficult airways. There has also been a major change with videolaryngoscopes 14 (VLs) emerging as a common first-line choice for laryngoscopy. This is mirrored in the most recent Difficult Airway Society (DAS) guidelines for unanticipated difficult intubation. The difficulty in these cases is that the airway management is always 'anticipated' and as such each case requires discussion and a clear management plan.
There is a commonly held belief that awake fibre-optic intubation (AFOI) is the safest approach to the management to difficult airways. 15 Certainly, the technique has a role in patients with supraglottic obstruction, e.g. epiglottic or tongue base obstructions, but AFOI is not the preferred technique in patients with a critically narrowed laryngeal inlet. Firstly, topicalization is problematic, there are copious secretions and inadequate time for anti-sialogogues. Second, sedation must be used extremely judiciously, as maintenance of spontaneous ventilation is critical. Lastly there is the 'cork in the bottle' analogy that vividly describes the unwanted situation where the laryngeal aperture is completely obstructed by the introduction of the fibre-optic scope and the airway is lost. For these reasons, AFOI is not the first-line choice for laryngeal level narrowing but can be extremely helpful in supraglottic airway obstruction. Unfortunately, there is no absolute guide to managing these patients, and decisions must be made based on the individual circumstances and skill mix. However, working through the five questions listed above can help formulate a plan.
(1) How will I preoxygenate? Preoxygenation with high-flow nasal oxygen is a simple method, where CPAP can also be provided. If only conventional nasal prongs are available, then oxygenation can be maximized by the addition of a conventional face mask using the Nasal Oxygen During Efforts Securing A Tube (NODESAT) approach. 16 Position is crucial and having the patient in a position where they feel most comfortable breathing is usually best. This can be bolt upright, so having a stool available to reach the patient is essential. Transtracheal cannulation prior to induction of anaesthesia can also provide a means to jet ventilate if intubation is not possible. It can also be converted to a tracheostomy if required.
(2) Will I be able to use facemask ventilation? This is dependent on the location of obstruction. FMV is difficult when there is a very narrow laryngeal inlet. An inability to use FMV suggests moving on to the next stage of the airway plan immediately.
(3) Will I be able to see the cords?
Depending on the level of obstruction, a patient can be stridulous but have a Grade 1 Cormack and Lehane view. VLs have greatly eased the visualization of the larynx. Muscle relaxant is used to provide optimal intubating conditions. Suxamethonium is avoided because of its short duration of action. Rocuronium provides more reliable intubating conditions when repeated attempts are anticipated. This of course is theoretically reversible with sugammadex; however, in the acute situation, this strategy must be used with caution as a recent case report details short-lived but significant difficulty in ventilation following reversal with sugammadex. 17 A patient with laryngeal cancer is likely to be difficult to ventilate anyway, and so reversal with sugammadex may not be a good option. FONA is likely to be required in this situation.
(4) Will I be able to intubate? Preoperative imaging and nasal endoscopy can help predict whether passing a small diameter tube is possible. Awake tracheostomy is always the fallback strategy. Placement of local anaesthetic (with adrenaline to reduce bleeding) in the anterior neck prior to any intubation attempts can make awake tracheostomy more comfortable for the patient.
(5) Is FONA going to be difficult?
If FONA is anticipated to be difficult, midline neck landmarks (the midline, the lower edge of cricoid cartilage, and suprasternal notch) should be marked and local anaesthetic (with adrenaline) infiltrated in advance. Part of this assessment includes deciding who will perform FONA and whether that airway would be a cricothyroidotomy or tracheostomy. There are many options available. The choice of airway strategy is a personal one made by the anaesthetist, and the two most common options being:
(i) awake tracheostomy, where risk of failed intubation is high or (ii) i.v. induction (with or without videolaryngoscopy) and local anaesthetic/adrenaline infiltration to the neck in advance depending on anticipated ability to FMV and intubate. This is the most commonly undertaken approach to the acutely obstructed patient undergoing laryngectomy in our centre.
This is a team approach, with a common goal of intubation in a timely and safe manner. Intubation can also be attempted by the ENT surgeon using a rigid laryngoscope. Other options may be appropriate in particular situations and common strategies include:
(i) awake videolaryngoscopy, 12 (ii) total intravenous anaesthesia (TIVA) induction while maintaining spontaneous ventilation, and (iii) gas induction.
Perioperative management of the elective laryngectomy
Preoperative assessment is performed as described earlier.
Intraoperative management
Monitoring is per the association of anaesethetists of Great Britain and Ireland (AAGBI) standard monitoring guidelines.
Invasive blood pressure monitoring is useful because of the usual long duration of the procedure and to facilitate blood gas monitoring. Central line access is rarely required, unless unanticipated complications progress to require inotropic support. Temperature should be monitored and a urinary catheter inserted at the beginning of the case. Due to the length of surgery, short-acting anaesthetic agents are preferred to allow rapid emergence from the anaesthetic. TIVA is frequently used as a result of the loss of volatile anaesthetic from the airway during the surgery. It is often preferable for the surgical team for the patient not to be paralysed, and remifentanil is therefore a good choice. Because of the long duration of surgery, meticulous care must be paid to positioning. If possible, position changes should be made perioperatively to avoid development of skin pressure areas.
Postoperative
Admission to a high-dependency unit (Level 2 in critical care) with experience of managing laryngectomy patients is required after surgery. Patients can be stepped down to specialist ward care usually within 48 h. ER after surgery (ERAS) is used as a standard practice for patients who require free tissue transfer as part of their reconstruction. The role of ERAS in head and neck surgery is not as clearly defined as for other surgical specialties, although recent evidence suggests it may be associated with a reduction in inpatient stay. 18 
Analgesia
Intraoperative morphine, simple analgesics, and postoperative patient controlled analgesia is usually sufficient, with step down to as-required oral morphine.
Specific safety concerns
Because of the increased likelihood of laryngectomies being performed in specialist centres, it is possible that first responders may have never encountered a laryngectomy stoma before. When in doubt about the anatomical nature of the stoma, it is reasonable initially to apply oxygen to the upper airway in addition to the stoma. It is therefore important that these patients are nursed in an appropriate environment with specialist equipment available and with a clear airway management plan identified and displayed. The guidance from the National Tracheostomy Patient Safety Project 19 is accessible and provides 'end-of-bed' signs that detail the algorithm for airway problems in 'neck breathers'. It is advisable that clinicians attend one of the many training courses available locally to familiarize themselves with the guidelines for emergency management of tracheostomy and laryngectomy airway emergencies.
Management of a post-laryngectomy patient for other procedures

Surgical variations
If there is a tracheal stoma present then the whole larynx has been removed. However, it is possible that the patient without a stoma has undergone a partial laryngectomy, and it is worthwhile knowing if this is the case prior to intubation. Partial laryngectomy may be in the form of:
(i) vertical partial laryngectomy: half of the larynx has been excised in the vertical plane-the epiglottis is still present but the larynx appears narrowed, or
(ii) supracricoid laryngectomy: the laryngeal structures are excised superior to the level of the cricoid, resulting in a more narrowed and rounded laryngeal appearance.
With both of these procedures, tracheal intubation is possible usually using a smaller tube size. The use of a VL can aid visualization of the laryngeal inlet position.
Management of a patient with a laryngectomy stoma
Patients with a laryngectomy stoma may present to any hospital at any point after their initial procedure and may cause some degree of apprehension. There is no communication between the mouth and trachea of these patients. Preoxygenation is performed over the laryngeal stoma and ventilation can be performed by placing a paediatric facemask over the stoma site. Other options are to place an inflated laryngeal mask airway or the end of a catheter mount over the stoma. Then, it is simply a case of inserting either a laryngectomy tube (J tube) or reinforced tracheal tube, although most forms of tracheal tube can be used. Most stomas will comfortably fit a cuffed tracheostomy tube. The main concerns with these patients are the correct delivery of oxygen and management of a 'neck breather' in an environment where they are not normally cared for.
Conclusion
Intubation of a patient having a laryngectomy can be difficult, particularly as preoperative tracheostomies are now avoided if at all possible. The advent of VLs, and more recently HFNO, have made managing difficult airways easier.
Laryngectomy is a life-changing procedure for a patient and requires a multidisciplinary approach to care, with good communication between anaesthetist and surgeon being essential.
Declaration of interest
None declared.
MCQs
The associated MCQs (to support CME/CPD activity) can be accessed at http://www.oxforde-learning.com/journals/ by subscribers to BJA Education.
